Abstract: Land-surface processes are one of the important drivers for weather and climate systems over the tropics. Realistic representation of land surface processes in mesoscale models over the region will help accurate simulation of numerical forecasts. The present study examines the influence of Land Use/ Land Cover Change (LULC) on the forecasting of cyclone intensity and track prediction using Mesoscale Model (MM5). Gridded land use/land cover data set over the Indian region compatible with the MM5 model were generated from Indian Remote Sensing Satellite (IRS-P6) Advanced Wide Field Sensor (AWiFS) for the year [2007][2008]. A case study of simulation of 'Aila' cyclone has been considered to see the impact of these two sets of LULC data with the use of MM5 model. Results of the study indicated that incorporation of current land use/land cover data sets in mesoscale model provides better forecasting of cyclonic track.
INTRODUCTION
Tropical cyclones and associated storm surges at many places across the globe causes loss of human life and property. Accurate prediction of tropical cyclone track and intensity are challenging task for any operational meteorological agency as it involves using state of the art numerical models and realistic data sets. Land use/Land cover (LULC) is one of the dynamic features that undergo rapid changes due to anthropogenic and associated developmental activities. The land surface processes affect weather through the exchange of heat, moisture, and momentum between the earth's surface and the atmosphere [1] . LULC changes affect the surface wind, temperature and humidity, which in turn affect the planetary boundary layer (PBL) and thus numerical weather forecasting. Cyclones form in tropical seas and population densities are often high in tropical regions. Cyclones constitute a major hazard for a large number of people around the world [2] . Low-pressure systems of cyclone draw their energy from very warm surface waters. As the warm, moist air spirals in toward the centre, the wind speeds increase, reaching their maximum in the region surrounding the almost calm centre of the cyclone. The favorable conditions for the formation of tropical cyclones are sea surface temperature (SST) greater than 26.5 C and a deep lower level moist layer and absence of strong vertical shear [3, 4] . In tropical regions, land use/land cover changes of ecological and climatic significance are currently taking place, such as colonization of marginal *Address correspondence to this author at the Atmospheric Science Section, Oceanography Division, Atmospheric and Ocean Sciences Group, National Remote Sensing Center, Hyderabad-500625, India; Tel: +040-23884558; E-mail: mahameteorology@gmail.com lands, deforestation, dry lands degradation, landscape fragmentation and rapid urbanization [5] .
Modification of surface parameters from semiarid land conditions to cultivated lands tends to consistently increase the potential for moist convection during daytime heating hours as expressed in the evolution of the PBL structure and the growth of convective available potential energy (CAPE), as well as area-averaged rainfall [6] . Impact of land surface processes on the boundary layer convective processes have been studied by numerous researchers [7, 8] . Narisma and Pitman [9] conducted studies on the impact of continentalscale land cover change (LCC) on the Australian climate. Pitman et al., [10] showed that the reduced surface roughness following land cover change largely explains the simulated changes in rainfall by increasing moisture divergence over southwestern Australia and increasing moisture convergence inland. Numerical experiments performed with the MM5 model under different surface roughness conditions and moisture conditions suggested that roughness contrast between land and sea modifies the tropical cyclone track [11, 12] (Wong and Chan., 2006; Kimball, 2008). Wong and Chan [11] found that the PBL convergence of the tropical cyclone core could become strongly asymmetric even when the core of cyclone circulation is completely away from the coast. They proposed the surface-induced asymmetric convergence as a factor that affects the asymmetric convective activities of the tropical cyclone core.
The objective of present study is to understand the influence of land use/land cover in predicting cyclone intensity and track using Mesoscale Model (MM5). Land Use/Land Cover (LULC) data over Indian region derived from Advanced Wide Field Sensor (AWiFS) on board Indian Remote Satellite, IRS-P6, was incorporated in the Mesoscale Model (MM5) for analysing the 'Aila' cyclone track. The results were compared with model simulation using the US Geological Survey (USGS) LULC data.
DATA SETS AND METHODOLOGY

Model Design
MM5 version 3 Release 6 (MM5v3.6.0) [13] was used in the study. The non-hydrostatic version employs the terrainfollowing sigma coordinate as in hydrostatic version of the model (i.e., MM4;) [14] , but the pressure at the sigma levels are determined from a reference state that is estimated using the hydrostatic equation from a given sea level pressure and temperature with standard lapse rate. This model has versatility to choose the domain region of interest; horizontal resolution; interactive nested domains and with various options to choose parameterization schemes for convection, planetary boundary layer (PBL), explicit moisture; radiation and soil processes. In the model simulations, the MRF scheme for PBL [15] , the Simple Ice scheme for Microphysics [16] , the Dudhia Cloud scheme [17] for radiation and Grell scheme for cumulus parameterization were used. The details of the options used in this study are given in Table 1 .
In the present study we used single domain and grid spacing of 27 km. The simulations study herein was initialized at 0000 Universal Time Coordinate (UTC) of 22 May 2009 and integrated up to 1200 UTC of 26May2009. The initial conditions and lateral boundary conditions for the model domain were taken from National Centre for Environmental Prediction Final Analysis (NCEP FNL) data available at 1 1 degree resolution. This MM5 model sensitivity study was designed to compare effects of different land use data in meteorological simulation. Two sets of experiments were performed, first with the original USGS-LULC data sets and second with the AWiFS-LULC dataset over the Indian region.
Land Use/Land Cover (LULC) Data
Fig. (1) shows the USGS and AWiFS generated land use/land cover (LULC) over the Indian region used in MM5 simulations. IRS-P6 AWiFS-LULC data corresponds to 2007-2008 while the USGS-LULC were generated from National Oceanic and Atmospheric AdministrationAdvanced Very High Resolution Radiometer (NOAA-AVHRR) data of April, 1992 -March, 1993. USGS data contains 24-categories land use/land cover features at different resolutions of 1-degree, 30, 10, 5, 2-minutes and 30-seconds available in the MM5 model. IRS-P6 AWiFS data derived LULC cover for 2007-08 was used in generating MM5 compatible gridded data files. We have used 10-minutes LU/LC data, which is nearest to the model grid resolution considered in this present study. Irrigation practices over the Gangetic Plains shown in yellow, urbanization in Delhi, Punjab and Rajasthan are some of the major changes in the Northern India which can be noticed in AWiFS-LULC data compared to USGS-LULC data. The changes in LULC affect the surface albedo and soil hydrology, which in turn has large bearing in forecasting from numerical models [18] .
SYNOPTIC DESCRIPTION OF TROPICAL CYCL-ONE 'AILA'
A Severe Cyclonic Storm, 'Aila' experienced over Bay of Bengal during 22-26 May 2009 with an estimated central sea level pressure of 967 hPa and associated maximum wind of 100 to 110kmph. One of the special features of this cyclone, it maintained cyclonic intensity up to 15 hours after the landfall as reported by Indian Meteorological Department (IMD). This cyclone is that it maintained genesis with a low pressure area formed over the southeast Bay of Bengal on the morning of 22 May. It lay over east central and adjoining west central Bay of Bengal and concentrated into a depression at 0600 UTC of 23 May near 16.5º N/88.0º E. The depression moved mainly in a northerly direction and intensified into a deep depression at 0300 UTC of 24 May. It continued to move in northerly direction attaining the stage of cyclonic storm at 12 UTC of 24 May and lay centred near 18.5ºN/88.5ºE. The system continued to intensify and attaining the intensity of severe cyclonic storm at 0600 UTC 
RESULTS AND DISCUSSION
The results from MM5 model simulations of 'Aila' cyclone over Bay of Bengal during the last week of May, 2009 using AWiFS-LULC and USGS-LULC data simulations were analysed. Fig. ( 2) shows the model derived sea level pressure variations overlaid by wind direction from USGS-LULC and AWiFS-LULC simulations during the 'Aila' cyclone period. It can be seen from Fig. (2) that, both USGS and AWiFS land use /land cover derived cyclone position and intensity are showing similar patterns when the cyclone system is far away from land. As the cyclone is nearing the land, the position and intensity of system is showing considerable difference between AWiFS simulation and USGS simulation. The changes in wind structure and cyclone track in AWiFS simulation as the cyclone is nearing the coast were attributed to changes in surface roughness. The boundary layer winds are weak over the land compared to sea at the time of cyclone resulting in strong asymmetry in the surface fluxes of heat, moisture and momentum. The incorporation of current land use/land cover data from IRS-P6 AWiFS in the MM5 model could provide realistic representation of surface roughness. The land surface roughness forces an asymmetry of the near surface wind by reducing it over the land resulting in large scale asymmetric convergence/divergence along the coast. In addition, the land surface also modulates the air flow across land to sea. The combined effects of this asymmetry modify the potential vorticity resulting in drift in tropical cyclone track. The MM5 model simulations with different surface roughness conditions by Wong and Chan [11] showed considerable drift in tropical cyclone position with changes in surface roughness. The increase in surface roughness decreases the cyclone intensity during land fall as reflected in reduced cyclone central pressure in Fig. (2c, d) . Further, increase in land surface roughness causes changes in air circulation through local convergence and divergence resulting in increased wind speed as seen in Fig. (2f-h) . Earlier studies in literature on sensitivity of cyclone track on land use/land cover also suggested that surface roughness and soil moisture play an important role in predicting the actual track of the cyclone [19] [20] [21] [22] [23] [24] [25] . This suggests that incorporation of current land use/land cover data in mesoscale model plays an important role in cyclone track prediction. The errors in cyclone track prediction were considerably reduced with AWiFS LULC data in mesoscale model compared to USGS (Fig. 3) .
Sea Level Pressure (SLP) and Wind Direction at 850 hPa
Track
The near surface wind deviates as per the surface characteristics of the land surface. As wind over land reduced causes large scale convergence/divergence along the coast, Also, air flowing offshore needs time to adjust to the sea surface, and vice versa [11] . These mechanisms depend on the roughness contrast between land and sea and to be the cause of the cyclone drift, since they could modify the potential vorticity tendency. Fig. (3) . Mesoscale model simulated cyclone track from using USGS data, AWiFS data and JTWC at six hourly time periods from 23May2009_00UTC to 26May2009_00UTC. Fig. (4) shows the central pressure of the cyclone and maximum sustained wind speed from different model simulations compared with JTWC observations. The model simulated minimum central surface pressure variation with time show the pre-deepening, deepening and decay stages of the cyclone. The results indicating that the time variation of central pressure is quite close to JTWC value throughout the cyclone. AWiFS cyclone shows higher intensity in terms of central pressure for the first 24 hours as compared to the USGS and then after shows close agreement with JTWC intensity. The deepening and decaying stage of cyclone with AWiFS is matching with JTWC value. The USGS value shows more intense compared to JTWC value up to 1800 UTC of 24 May. The AWiFS shows the deepening of cyclone between 0000 UTC of 24 May to 1200 UTC of 25 May. However, USGS started deepening of the cyclone at 0000 UTC of 23 May and continued its intensity until the landfall. The sudden deepening of the cyclone at 0000 UTC of 25 May is better simulated with USGS compared to the AWiFS. Even though the deepening period of the model cyclone coincides with observation, it couldn't attain the maximum intensity compared to JTWC value. The interaction of model cyclone with surface boundary and the environmental flow could have helped for the correct deepening period of the cyclone. The observed cyclone started decaying after 0600 UTC of 25 May and AWiFS cyclone is closely following to JTWC observation. However, USGS cyclone is continuing its intensity after the landfall though it reduced its strength after landfall.
Time Series of Minimum Sea Level Pressure and Maximum Wind Speed
The time variation of the model simulated maximum sustained wind speed (MW) is shown in the Fig. (4b) . This shows the close agreement between AWiFS and JTWC wind. The USGS shows higher intensity of the cyclone Tropical cyclones are driven by heat fluxes from the ocean and quickly dissipate after moving over land or cold water. The heat flux from the sea is mostly in the form of a latent heat flux that accompanies evaporation of seawater into the overlying atmosphere. The representation of air-sea heat flux exchange during a tropical cyclone is of importance for accurate modeling of the atmosphere or ocean. Figs. (5,  6) shows model derived day average sensible and latent heat flux using USGS and AWiFS land use/land cover data. The significant differences of heat fluxes are observed in both the experiments especially over central India and northwest India. It was observed that the heat fluxes with AWiFS are high over Bangldesh compared to USGS. This is the region, where cyclone is made landfall. However, the fluxes are high over north bay of Bengal (off the coast of Bangladesh) in the USGS compared to AWiFS. The partitioning of energy fluxes with current AWiFS derived land use/land cover show marked variation compared to USGS. This may be due to changes in land use/land cover which results in modification of albedo values, moisture availability and surface roughness [12] ).
CONCLUSIONS
In the present study, influence of land use/land cover on cyclone track prediction were analysed using IRS-P6 AWiFS derived Land use/Land cover (LULC) data and USGS LULC data. Numerical simulations were performed by varying the two sets of land use data in the mesoscale model to study its influence on the cyclone track prediction. Results of the study suggested that realistic representation of surface features is important as land surface roughness and moisture availability plays a pivotal role in for cyclone track forecasting. The position and intensity of the cyclone system is showing considerable difference between AWiFS LULC based simulation and USGS LULC based simulation as the cyclone is close to the coast and these changes occur due to the changes in surface roughness and moisture availability. Also, there is a difference in the boundary layer winds over the ocean and land. These winds were weak over land compared to sea resulting in changes in surface heat fluxes, moisture and momentum. From a comparative study on the performance of the two sets of land use data in a mesoscale models for the simulation of Aila tropical cyclone over Bay of Bengal, the following broad conclusions can be derived. Both the simulations could reproduce most of the features of the cyclones but the results with AWiFS are having close agreement with observations. The intensity of cyclone in terms of central pressure and maximum sustainable wind illustrates that model simulation with USGS data has a tendency to intensify the system earlier than observation. Model simulation with AWiFS LULC data gives reasonably good results for the time variation of SLP and wind, which are closer to the observations. This is preliminary result with a single case study and further attempts are in progress to consider more case studies with different cyclone intensity to understand the influence of land use/land cover. In general regional model exhibits internal variability that sometime depends on model configuration. To check the robustness of the LULC changes factor in the MM5 simulation, the authors will attempt to consider the impact of internal variability as a future work which will include the sensitivity of initial conditions, model start time and physical parameterization schemes. 
